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SEQUENTIAL DISTRIBUTION OF FORMICA EXSEC- 
TOIDES FOREL. 


By E. A. ANDREWS. 
Johns Hopkins University. 


Observations here recorded, indicate that the mounds made 
by this ant arise and pass away in rhythms harmonious saan 
phases of forestation. 

The continued life of this species may indeed be dependent 
upon the migrations to new growths of trees. Trees that when 
young furnish food for the ant, when mature may cut off sun- 
light needed to make the mound a successful incubator for the 
young. 

Thus in fifteen years there has been found a migration of 
mounds comparable to the moving on of some primitive peoples 
dependent upon newly cleared forests. 

According to the book upon ants, and to other writings of 
that foremost student of these animals, Professor William Morton 
Wheeler; the most common mound building ant of North Amer- 
ica belongs in the species of Formica exsectoides Forel, and its 
mounds have been observed in Nova Scotia, Ontario, Maine, 
New Hampshire, Massachusetts, Connecticut, New York, New 
Jersey, Pennsylvania, Maryland, North Carolina, Georgia, Wis- 
consin, Illinois and Colorado, though there may be doubt as to 
all the extreme western forms being of the same species as the 
others. 

In general these ants are spread along the Appalachian 
region and are to be looked for in hilly or mountainous regions 
where the land is wooded more or less. It is thus exceptional to 
find these mounds near sea level as Wheeler observed them in 
Staten Island and as I have seen a few in Massachusetts ten feet 
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above low tide and but few hundred feet from open salt water 
and again near Baltimore in the region of Cowenton on the neck 
between Bird River and the Gunpowder at an elevation of much 
less than one hundred feet. 


One important factor in restricting these mounds to hilly 
country may well be not so much the elevation as the probable 
association of good cultivation with level and lower lying land | 
while in the hills there are greater opportunities for partly wooded 
regions, especially abandoned fields and clearings growing up 
with new woods and left comparatively free from live stock and 
human interferences, so that the colonies of ants may find both 
food and freedom from disturbance for long periods of years. 

The classical account of the mound building ants of America 
is that of the enthusiastic student of ants, the late Rev. Henry 
C. McCook, who camped out for a week in August 1876 amongst 
the ant communities one mile north-east of Hollidaysburg near 
Altoona, Pennsylvania, where there were some fifty acres of ant 
mounds on the southwest base of Bush mountain belonging to 
the Cambria Coal and Iron Co. This region of sandy, stoney soil 
grown up with open woods of oak and few pines was known to the 
people of the region as the “Ant City’: and at the present date 
the trolley station there is labelled ‘Ant Hills.’”’ In this com- 
munity or city were no less than 1700 dwellings; 25 to 33 to the 
acre. In other neighboring regions: Warriors Mark and Pine 
Hill: there were in the former 30 to the acre (but some were 
abandoned and moss grown) and in the latter 1800 dwellings at 
the rate of 30 to 59 per acre. 

Not only were the mounds so numerous but some were of 
great size, 10-12 feet around the base and 214-3 feet high. A 
photograph published by McCook shows a mound that was 25 
feet around, 6 ft. 9 in. up the West front, 3 ft. 6 in. up the East, 
4 ft. 4 in. on the South and 4 ft. 3 in. down the North face. 
Another photograph represents a mound 24 inches in vertical 
height and a third one 32 in height. 

At Warriors Mark and Pine Hill he records even larger 
mounds. A fine cone was 12 feet across over the top and 30 feet 
around the base. While the largest of all three thousand or more 
seen was 42 inches in vertical height and 58 feet around the base 
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while a line across its top measured 24 feet. This was one of a 
pair and the other measured 15 feet across the top and 47 feet 
about the base. Both these great structures were built up upon 
an old level charcoal hearth; and hefice their age was limited, 


No such large accumulation of these vast works of mound- 
building ants seems to have been recorded elsewhere; but 
Wheeler figures a mound in New Jersey 1 m. x 3.25 meters and 
a mound of another speciesin Belgium as 2.15 x 9.8 meters. 

In Maryland the mounds made by this ant are not un- 
common in the wooded mountains of central and western coun- 
tries where the summer visitor often evicts them with little 
regard for any claims that might be set up by these red and black 
original inhabitants so that in time not only the demands of 
agriculture but the thoughtless aspects of enjoyment of nature 
may combine to exterminate the present mound builders. 

In eastern Maryland one may find the mounds here and 
there in Baltimore County, near Baltimore, as along the hills 
West of the limestone valley in which lies Cockyesville, up the 
Beaver Dam Run, and north of Green Spring valley where a 
fine grass-grown mound was measured and photographed in 
1906 by Professor Philip H. Friese, along the North Run, a mile 
north of Stevenson. As described in a letter of that date this 
mound was about thirty inches in height and a perfect cone 
except for rounded top and evidently owed its steepness to being 
covered with grasses, some of which were not represented among 
the grasses of that neighborhood. And as above noted there are 
quite a number of small medium mounds near the shore below 
the Piedmont Plateau, in the region near Cowenton. While most 
of these mounds stand alone or a few in a group, an unusually 
populous settlement of ant’s mounds was found near Lutherville 
and Timonium, some nine miles north of Baltimore, by the late 
Professor Basil Sollers who called attention of the Baltimore 
Naturalists Field Club to this favorable place for study of these 
mound builders. 

However these ants were earlier known to the late Professor 
Philip Uhler, sometime Associate in Natural History in the 
Johns Hopkins University and Provost of the Peabody Institute, 
who told me that in his boyhood, when he lived at Lutherville, 
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these ant mounds were less numerous but individually larger. 
That period was probably about 1850. This is in harmony with 
the existence in 1905 of a few very large circular regions in- 
dicating old mounds long since washed away. 

The region in which these ant mounds of Timonium occur 
is a large tract of deserted land of some 600 acres, roughly a mile 
on each side, bounded on the West by the York turnpike, on 
the East by a road leading out of the old Dulaney Valley and 
Sweet Air Turnpike, on the North by the “cinder” road and on 
the South by the open farming country of Long Quarter. This 
region is largely given up to young woods and used as wood lots, 
not pastured nor fenced for the most part, having been formerly 
“used as source of bog-iron ore for the Ashland Iron Ore Co. of 
Ashland, Md. which left various large and small excavations 
abandoned at different dates down to 1888 when the last work 
was done. It is represented by diagram one, which shows the 
positions of the ant mounds, but with the size exaggerated. 

The land slopes gently from elevation of 400 feet in the 
northwest to elevations of 300 toward the southeast and two 
springs give rise to a little run which flows toward the Gunpowder. 

The soil is poor with gravel and at the south a small outcrop 
of crystalline limestone with two large excavations. The geo- 
logical formation is said to be Potomac or lower Cretaceous. 

A reconnaissance of this area made in December 1905 showed 
that the ant mounds were located in two regions, a larger “‘town’’ 
near the York road [above in the diagram] and a smaller “village” 
to the south [to the right and below in the diagram] separated 
from the larger settlement by a third of a mile of woods in which 
however a few faint indications of the former existence of large 
mounds suggested that at one time the two settlements might 
have been connected. Ants carried in the following summer 
from the mounds of the larger to the mounds of the smaller set- 
tlement did not seem to excite hostile responses but were im- 
mediately allowed to run into the mounds without being fought 
by the inhabitants. Ants taken April 14, 1906 from the ‘‘village’’ 
and put in a mound in “town” did not start up a fight, but the 
queens were seized and dragged along into holes in the strange 
mound. This may be taken as some indication that the ants in 
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the two settlements were not of remotely different origin, but 
probably all of one general society. 

In the larger town 157 mounds were enumerated of which 
95 were occupied and 62 deserted while in the village only 27 
mounds were found; of these 22 were occupied, and 5 deserted. 
The larger mounds were in the larger settlement, while the 
village had the appearance of being a more recent growth from 
immigration. 

In size the mounds varied from 1 to 8 feet in diameter and 
4 to 24 inches in vertical height. 

Three general types of architectural effect were noted. 
Some mounds were free from vegetation and showed fine conical 
forms the resultant of the untiring efforts of the ants to carry up 
onto the mound mouthfulls of earth and bits of stick and dead 
leaf as well as large bits of stone and other objects to be found 
on the surface of the ground near the mound, counteracted more 
or less by the down rolling and washing of the materials in the 
usual process of denudation of hills of all sizes. When the sub- 
soil is red the mounds are red, when white, white, and again the 
collections of small sticks may give grey effects. 

A second type of mound common in grassy glades presents 
more abrupt sides and artificial, tower-like contours from the 
combination of the above factors complicated by the upgrowth 
of certain grasses and other plants, as peppergrass, which tend © 
to holding the down-rolling materials in steep slopes. A third 
and rare aspect is that of the mound partly coated over with 
moss which makes the natural surface more resistant to denu- 
dation and tends to emphasize differences in slope between the 
faces of the mounds that do and do not support moss. 

While the typical mound is nearly circular many are much 
elongated as if made up of the fusion of two formerly separate 
cones: while others elongate down steep slopes of the ground. 


CHANGES IN DISTRIBUTION oF ANT MounpDs IN THE TIMONIUM 
Ant CoMMUNITY IN 15 YEARS. 


The census of the mounds of the entire region made in 1905 
showed 184 mounds of which 117 were occupied and 67 deserted. 
A second census made by several students in 1920 recorded 
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193, of which 182 were occupied and 10 or more deserted. The 
impression, however, was that many mounds were smaller, that 
there were not as many great mounds as fifteen years before; 
and this is in harmony with the opinion of Professor Uhler that 
the mounds of 1850 or so had been larger and fewer than fifty 
years after that. 
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Diagram 1 
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Actual survey showed that the many mounds were dis- 
tributed differently from the mounds of 1905. The following 
table shows the changes in distribution: 


North Middle South 
Active Deserted Active Deserted Active Deserted 
1905 40 24 55 38 22 5 
1920 33 9 65 1 84 1 


Thus the deserted mounds of the north section had largely 
disappeared, and so had those of the middle region and of the 
southern region; however, the census of deserted mounds was 
not as accurate in 1920 as in 1905. 

The increase in active mounds was most pronounced in the 
southern settlement or village where the number jumped up 
from 22 to 84, nearly a 400% increase. 

There was also an increase from 55 to 65 in the middle region 
and a diminution in the north from 40 to 33. The increase was 
greatest in the south, great in themiddle, and negative in the 
north. 

The shift of population from the north and the occupation 
of new mounds in the middle and south is shown at a glance in 
the first dragram, which shows by dots the mounds that were 
active in 1905 and by x marks the mounds deserted in 1905, and 
by triangles the active mounds of 1920 and by squares the in- 
active mounds of 1920. 

Many of the active and very many of the deserted mounds 
of 1905 were not extant at all in 1920. We see here that the more 
easterly mounds of the community had been abandoned, all the 
mounds of 1920 being to the west or to the south, with few ex- 
ceptions. None of the deserted mounds became reinhabited as 
faras ascertained. After 15 years but two of the deserted mounds 
were still discernible as traces as indicated by a square enclosing 
an x. In 1920 three of the active mounds of 1905 had been de- 
serted as indicated by squares enclosing dots. After 15 years, 
some 25 mounds still remained active as indicated by triangles 
around dots. But very many of the active mounds, shown by 
the plain triangles, were new developments not directly con- 
nected with the mounds of 1905. 

The nearly pure constellations of these new mounds are, 
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near the York Road in the middle region, called the flats, and 
the larger one in the south, village, region. 


The area embraced by the population in 1920 is no more 
extensive than in 1905 and the number of active mounds about 
the same, but there was a shift of relative location of many 
domiciles: the north losing, the middle and especially the south 
village gaining many new mounds. 

There had been increase in density of housing: in the north | 
and middle concentration had resulted from occupancy of about 
one fourth the former area. Concentration is accompanied by 
abandonment of some areas and migration into others but the 
entire area is not abandoned nor fundamentally altered in its 
interior, but rather one edge fades away as the opposite advances. 
After fifteen years the northwest part is reorganized; there is 
recession all along the east and great protrusion in the middle 
west portion; while the south village expanded in all directions. 

In the town the centre of population moved to the west; 
destruction of some suburbs being compensated for by new 
growths elsewhere. 

Yet the entire occupied area has shrunken while holding 
about the same number of domiciles. 

Before considering possible causes of these shifts in popula- 
tion, some details of change in the northwest region may be 
considered. Of 61 nests mapped in 1905 only 18 were found, of 
these 8 were still active and 10 dead; but three of these had been 
dead in 1905, thus of the 18 found, 8 had continued 15 years and 
7 had failed in that time. Of the 61, 21 were apparently 
deserted in 1905. Thus, of 40 active nests, fifteen years left 7 
remaining as vestiges and 8 as still active. Also there were still 
remaining vestiges of three that were dead in 1905. 


Table of amount of growth in 6 of the 8 that survived 15 
years. 


Mound No. Gain in Height In Diameter. 
; 2 in. 34 in. 
54 2 
54 twin 8 18 
58 12 50 
59 3 12——36 N.S. 
60 9 18——20 N.S. 


Average 6 Average 23-27 
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: The mounds that continued active through 15 years had 
- grown variably, from 2 to 12 inches in height and from 5 to 50 
inches in width. Each of the above eight mounds was a foot or 
more in height in 1905 and doubtless of some years’ standing. 


Special attention should be called to the pair of mounds No. 
54 on the edge of a gravel pit which were always conspicuous 
for dark color and coarse sandy surface due to the special en- 
vironment; there being hereabouts little but subsoil and a growth 
of false indigo which in the fall yielded dark blackish leaves that 
_ were collected on the nests to such an extent as to make these 
appear very dark. The hills in 1905 were small but not ap- 
parently young; one 9 by 24, the other 4 by 18 inches. In the 
whole 15 years the former grew to be 11 by 29 and the latter 12 
by 36. They had grown almost to touch at the base and one had 
advanced a little over the edge of the cliff. From that period up 
to the present, these two mounds remain but little changed, 
being of very slow growth, apparently resulting from poor con- 
ditions of soil and of vegetation. 

In contrast, the mound No. 59 which was very large in 
1905, being 2 feet by 5 feet, had in fifteen years grown to 32 
inches by 96 inches, measuring 115 inches over its surface and 
with a circumference of 22 feet. This mound in the midst of 
Japanese honeysuckle has always been nearly clear of all but a 
little grass and the vine has stopped rather abruptly at the moat 
or clear area about the base, being restricted in growth by the 
ants of this very successful nest. This mound still continues, 
and though in the past few years it showed signs of weakness in 
lack of growth and poor upkeep it is greatly recovered in 1926. 

Many other cases were recorded showing marked indivi- 
duality in the mounds, not only in architecture and location but 
in longevity, rate and character of growth and decay. 

The individuality of each mound is a result of interaction 
of the environment and the special internal states of each com- 
munity, as failure or success depends upon both external and 
internal factors. 

The mound is not only the abode of the adults but pre- 
eminently the incubator for the young and thus the means of 
securing the perpetuation of the race. The mound is not a tem- 
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porary seasonal affair like the nest of a wasp but may be of very 
considerable permanence, one of the most enduring architectural 
results of insect communism. In considering possible reasons 
for differential success and failure as between mounds near to- 
gether, it must be born in mind that these ants are long-lived 
amongst insects. Ants were kept in captivity by Lubbock for 
five or six years as workers and up to fifteen years of age in the 
case of a female ant. 

In nature ants of this species lie dormant about four months 
of the year and it may be that thus they live longer than in cap- 
tivity; nevertheless it is probable that the mound may outlast 
the lives of the original builders and be possessed throughout 
the generations. 


Some of the mounds mapped in 1905 were already large and 
remained active in 1920 and even in 1926. To attain that large 
size probably requires several or many years judging from the 
measurements elsewhere recorded (Andrews, Growth of Ant 
Mounds, Psyche, 32, 1925); so that a mound already large in 
1905 may at this present writing be over thirty years old which 
is in harmony with the estimates of McCook as to the time that 
one mound may endure and in agreement with the fact that Forel 
had a prosperous mound of a related European ant under obser- 
vation for forty years. The final end of the existence of a mound 
may be like that of a human city, variable, complex and to be 
known only by detailed history—which has not as yet been 
written up to the last day of any ant mound. 

That the mound may persist longer than the original found- 
ers of the mound is probable also from a described habit of this 


® 


ant to seize upon young female ants after swarming and to get | 


them into the old mound in some cases so that many mothers of 
different ages are actually found in a well advanced mound. 
Hence the deficit of population from old age may be compensated 
for and the tribe or family be able to live on in the same old 
mound, if all goes well. 

As to empty mounds: beside desertion by migration any 
one mound may lose its inhabitants either from internal or ex- 
ternal causes, (sufficient disease or epidemics are not yet known) 
but old age of the inhabitants would lead to an empty mound if 
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the above process of substitution of younger for older did not 
succeed in any one mound. Of external inimical factors there 
are many, such as man’s culture of the field, his domesticated 
animals tramping on ants and the mounds, his direct hostile 
acts and the attacks from animals that feed on ants, as the skunk 
and the woodpecker, also adverse influences of mosses and other 
vegetation. In this Timonium region, the direct causes of the 
extinction of life in mounds are not at all known. 


On the other hand the differential dying off of many mounds 
in one part of the area and the coincident appearance of new 
mounds in another section of the area is a phenomenon that may 
be correlated with environmental factors. As far as known 
important enemies of the ants are largely absent from the whole 
area and as impotent in one as in another section of the region 
and the success or the failure of groups of mounds would seem 
more likely due to some factors that have changed slowly through 
the many years. 

As in general Formica exsectoides is found where there are 
trees but not dense old forests, it may be regarded as a dependent 
upon certain stages of forestation. 

In the north region of the diagram during the slow dis- 
appearance of so many mounds there was greater growth of the 
trees and increase in their age. In the middle region the inrush 
of new mounds in fifteen years has been accompanied by the up- 
springing of a new growth of young trees. 

This correlation of many new mounds with new trees and 
many empty mounds with old trees may well be significant. It 
is supported by such facts as: the vestiges of old mounds in the 
region between the ant ‘town and village’ where the woods are 
dense and old; the failure of a mound transplanted to the large 
woods of ‘“Homewood” and its better success when the ants 
migrated spontaneously to the open edge of the wood in Wyman 
Park; the great success of colonies in the Holidaysburg region 
where mining operations kept the forest cut down in part; the 
present flourishing of a large colony in the cut-over forests of 
the neighboring Warriors Mark. (Andrews, Ent. News, 1925), 
and the observation that this ant in early spring is more active in 
regions of sunny exposure than in older-woods. 
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If the trees and ants are interconnected possibly one or the 
other of the two basal factors of animal success may be involved; 
the gaining of food for energy of the individual ant or else the 
proper conditions for reproduction and the continuance of the 
species. One mound may not obtain food enough to keep up the 
depletion in population, while another mound may obtain a sur- 
plus of food and be able not only to maintain itself but actively to 
colonize the surrounding neighborhood with new and rapidly | 
growing mounds. 

Unfortunately little is known about the food of this par- 
ticular mound building ant. In this region it is observed that 
the ants climb the trees near their mounds and go out on the 
branches and leaves; it is observed that they get honey dew 
from some kinds of aphids or plant lice and from the black leaf 
hopper Vanduzea arcuata Say. They are seen to drag various 
dead insects into their mounds. 

It may be assumed that these ants depend greatly upon 
trees for their food supply which is partly at least carbohydrate 
in nature. In artificial formicaries many kinds of ants can be 
kept very long periods when fed chiefly sugar and water or honey. 

If it be granted that ants derive their energies from food 
supplied by trees, there may be an inverse ratio between the 
food got and the work done in getting it, according to the height 
and food-supplying character of the trees. If small young trees 
give as much food per unit of leaf or photosynthetic element as 
do.the old trees, then the labor of going up the oldtree to get the 
food will be greater than going the short distance up the young 
tree; and on an exceedingly tall tree, the ants might use up all 
the energy acquired before they ever got down to the ground 
again. Also, it may well be that the tender young shoots of 
young trees feed more aphids and yield more sap than is available 
from like area of the twigs of an old tree, so that it would ad- 
vantage the ant to visit the young rather than the old tree. 

From the data given in “Bau und Leben unserer Wald- 
biume,’’ M. Buesgen, Jena, 1917, we infer that the total photo- 
synthetic area of a young tree five or six years old may be some 4 
Square meters; but ofan older tree 13 to 14 meters in height, from 
8 to 24 square meters according as to whether it grows under 
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shade or jutting up into the sunshine. In a crowded stand of 
such trees each may have 12 square meters area of leaf. Each 
of these crowded trees may then expand three times as much 
leaf area as when young but it will be perhaps six times as high 
as when young: thus the ant to get all over its green leaves will 
have to run up twice as much trunk as when the tree was young. 
We conclude that as long as the trees are young and have not 
crowded one another and have plenty of sunshine their combined 
leaf surface within the ant’s walking distance to its mound will 
be greater than when these trees have grown crowded and tall, 
since the stems of the trees increase more rapidly in height than 
the entire leaf area expands. 

In endeavoring to apply the above considerations to the 
observed changes in distribution of the ant mounds we observe 
that in the fifteen years the trees of the old wood in the north- 
west area had grown older and the ground more densely shaded, 
and the ants had not increased. 

In the middle region where in 1905 the earth was quite bare 
and very poor dump, spread out in a plain of several acres, there 
had grown up more and more young trees, especially black locust, 
gradually encroaching from the edges over more and more of the 
bare area along with coarse grass and brambles and Japanese 
honeysuckle. In this region the new ant mounds became very 
abundant. 

Again in the region of the “‘village’’, where in 1905 trees were 
few and far from the two old mine holes that were grass-grown, 
there sprang up more and more young trees and here again the 
number of ant hills greatly increased. 

On the other hand, in the region where the large “stone 
house” group of mounds had been in 1905 there was no increase 
and no new trees, and besides the fields, were cultivated and 
there was some passing of vehicles along the wood edge. 
Also the diminution along the older roads to the east may 
have been due to the fact that trees had grown larger so that 
there may not have been as good feeding conditions here, in 
1920, as formerly. 

There seems to be some correlation between the success of 
new mounds and the presence of young vigorous trees, and some 
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correlation between the dying away of colonies of old mounds, 
and the maturity of trees which brings shading and presumably 
difficulties of food getting. The subject of shading as a cause of 
decay is very important and may be the decisive factor in the 
effect of old trees upon ant mounds. 


Although in the Alps the natives may find their way by the 
elongation of the E. W. axis of mounds of Formica exsecta (as 
confirmed by Huber, 100 yrs. ago);—in Timonium, many nests 
seem elongated. N, 8. with longer south slope, but that this is not 
universal is indicated by the following measurements made for 
me in April 1920 by Mr. Spielman. 

Twenty vigorous nests in the region on the flats, wer 
measured as to diameters N.S. and E. W. and as to angles at th 

top of the nest along those directions of compass as follows , 


EF. W. angle N.S. angle Diameter Diameter 
Degrees E. W. ..dnches Nos: 
130 145 63 63 
130 125 57 44 
120 155 60 60 
120 120 46 57 
125 140 67 86 
125 135 28 26 
115 140 36 40 
130 135 66 74 
130 125 63 62 
130 145 82 89 
125 100 50 48 
120 150 56 65 
1125 100 50 48 
120 115 42 40 
130 125 44 60 
125 130 55 52 
110 115 45 40 
120 120 52 PARES. 
125 150 80 73 
120 120 40 42 
Sum 2475 2570 1082 1125 
Average 
12375 , 128.5 54.1 56-25 


While these measurements show that some nests do not 
have any extension toward the South, which would lower the 
angle and increase the diameter N. 8. as compared with the BE. 


W., yet on the average there is a slightly greater angle and gr — 
diameter in the N. 8S. direction. 


a) ai 
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Moreover the angles, running from 100 to 155 degrees, are 
much more uniform in.the E. W. than in the N. 8. directions; 
thus there are no very flat nor steep angles E. W. while the ex- 
tremes are all found in the N. 8. direction, 

When the above angles are plotted on curves of frequency 
it is seen that the E. W. angles cluster close to the 120-130 
degree norm, in a steep curve, while the N. S. angles spread 
widely right and left from an irregular flat curve having the same 
norm. 

Apparently there is some factor in the N. 8. direction acting 
to disturb the conical symmetry the materials of the nest would 


_ exhibit if deposited without preference, like the sand in an hour 


glass. 

A second set of measurements of vigorous growing mounds 
taken at random in the same general region rather newly oc- 
cupied, was made in October 1920 by students, Spielman and 
Lord, with the results given in the following table: 


Height Distance 

in Angle at top. Angle of slope to horizon. over top. 

inches. in inches 

E. W. IN:<S; W. E, N. Sra We N.S. 

22 104 110 34 42 27 43 80 92.5 

il 121 102 28 31 55 23 42 39.5 
21 121 123 30 29 31 26 91 90 
7 131 130 26 23 22 28 ol 28 
i DPARS 126 124 30 24 37 19 46 53 
11 112 115 34 34 33 32 40 43 
11.75 108 126 30 42 24 3I 43.5 50 
15 114 126 30 42 24 30 43.5 50 
24. 120 125 30 30 30 25 84 87 
32 100 110 50 30 50 20 77 80 
16 110 125 30 40 25 30 54 55 
24 120 125 30 30 30 30 90 89 
20 130 125 30 20 25 30 89 85 
16 110 105 3! 40 45 40 54 54 
14 120 125 30 30 25 30 58 55 


Sum 258 1747 1796 482 487 483 436 923 951 


Aver: 
17 Pt67b ~ 11927 By SD eran 29 61.5 63.5 


From this table may be gathered that the average angle at 
the top was slightly larger in the N.S. than in the E. W. direction 
and that the distances over the top were somewhat greater, in 
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average, in the N.S. than in the E. W. directions; moreover the 
four different angles made by the slopes N. S. E. and W. were 
least in the 8. and greater and almost equal in the other three, 
on the average. This indicates a tendency for the south slope 
to be spread out, increasing the angle at the top and the distance 
over the top and diminishing the angle of slope on the south face. 


These fifteen hills were steep cones, the angles at the top 
being small, from 100 to 131 degrees and graphs indicate a norm 
about: 120-125. The angles on the W. and E. were similar in 
variation from 26-34 and from 23-42 respectively while the angles 
N. and 8. show a wider range, 22-55 and 19-43 respectively. 
Thus the most gentle slope was found on the south face and the 
most abrupt slope, 55 degrees, on a north face. 

The measurements over the top show the mounds to range 

from 31 to 91 inches E. W. and 28 to 92.5 N.S. And curves of 
these measurements show the norm of the N. S. distances to be 
greater than that of the E. W., indicating again that the mounds 
are prevailingly drawn out in the N.S. direction. 

This slight average overgrowth of the southerly exposure 
of many mounds in this Timonium region is due to more work 
being put on that part of the mound and this is very patent in 
some mounds whose northerly sides show but few ants over them 
and even become abandoned to such an extent as to be no longer 
thatched over with a compact layer of earth and organic frag- 
ments, as are the perfect mounds, but are eaten out by the rain 
so that some internal cavities are bared, as in an abandoned 
roofless part of a human dwelling. 

Irrespective of North and South, extra work upon only one 
aspect of a mound is often very patent when the mound is reared 
upon a slope, as often happens in this region of many old open 
' mine holes. Here the running of the soil down hill is ever counter- 
acted by the ants placing more particles upon the steep slope till 
the form of the mound departs very greatly from a cone of circular 
base and becomes drawn out like a glacier. Investigation would 
be needed to determine why the ants put more material on the 
side from which it tends most to roll away but this may be con- 
nected with the observed ability of the ants to repair breaches in 
the mound, filling up cavities, and finally reconstructing perfect 
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cones, when as much as half the mound has been taken away 
completely. 

Presumably the greater work onthe south side is connected 
with temperature or some other result of insolation. In general 
the ants are very sluggish in cool weather and very increasingly 
swift and active with high temperatures and we know from 
horticultural experience that any mound of earth in these lati- 
tudes tends to be noticeably warmer on the southerly expanse 
and this difference in temperature might be the reason for greater 
work put on that more sunny side just as Forel has assumed that 
the early morning sun on some European mounds enables ants 
to get to work earlier and so succeed in rearing more young on 
the easterly slope of a mountain than on the westerly slope. 

On the other hand the connection between sunshine and 
mound building may be much more complex as is suggested by 
the remarkable facts brought out by the investigations of this 
ant, Formica exsectoides, by foresters in New England. It was 
observed from 1912 onward that plantations of forest trees were 
found to show dead regions about ant-mounds and after some 
false clues it became evident that. the ants took active part in 
killing the trees. 

H. B. Pierson (Jour. of Forestry, XX, 1922) described the 
actual actions of the ants in biting and stinging the small trees 
not far above the ground, resulting in death of the whole tree. 
In other trees the ants killed the leaves. Mapping the dead trees 
indicated that the ants killed the trees with reference to the sun, 
the trees being damaged most greatly on the east, west and south 
of the mounds. ‘As soon as the shadow of a tree was cast on 
the nest for any length of time, that tree was attacked.” 

Some attacks of these ants upon vegetation near the mounds 
were seen in the Timonium colonies as follows. About each 
mound there is a well cleared area or moat on which most all 
vegetation is checked and surface material carried off till the 
underlying pebble or gravel is often-exposed very markedly. 
When the strongly encroaching Japanese honeysuckle is rampant 
all over the adjacent area, its leaves and shoot tips are nibbled 
by the ants as soon as they encroach onto the mound or even grow 
within a foot of it. External to this circumferential band of de- 
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nudation there are also attacks upon vegetation. In one case 
catbriars growing to overhang the mound on the north were 
attacked and the ants seen to nibble the bases of the leaves that 
overhung the mound. In other cases small shoots of poplar 
about a foot in height were attacked, the twig nibbled near the 
base and farther up irregularly and the bases of the leaves bitten 
till the leaves shrivelled. Also rank upgrowing shoots of black- 
berry arising after a wood fire that killed most all vegetation 
down to the ground were seen to be attacked by these ants which 
opened their jaws as wide as possible to bite the bark of the upper 
parts of the bramble and at the bases of the leaves, which wilted 
and drooped down. Some other smaller plants were also at- 
tacked. The attack involves not only biting, but curving of body 
and apparently ejection of acid and resulting brown dead areas 
on the plant. Now these attacks were two to four feet from the 
mounds and on all sides without any discerned reference to the 
shading effects that might be assumed, in fact some of the objects 
attacked could scarcely intercept any appreciable light and one 
might compare the attack to that of an ant upon a new object 
as upon the legs of a person standing near a nest, when the ant 
runs up till something soft enough to be bitten is encountered 
and then bites persistently in one spot. Also in founding a new 
mound the ants did kill all the small plants in and close to the 
mound when its foundation is first begun. 


It may well be that the responses of the ants to sun and 
shade are very complex and deeply ingrained and that the mere 
warming of their bodies may not be the decisive factor in making 
them work more on the sides of the mound exposed more to the 
sunlight. : 

As the mound is largely useful as an incubator for the 
young, the slight differences in temperature between various in- 
ternal parts of the mound may be potent, as in sprouting seeds or 
growing bulbs, and be the basis for the ants actions. In one 
mound thermometers showed differences varying from 25.5° to 
32°C. when the natural soil near by was 24°C., June 1926. 

Whether investigation shall prove that the internal tem- 
perature of the mound is a factor or not, the facts seem to be 
that these ants do work more on the sun side and that the 
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mounds are most permanent and successful in places exposed to 
the sun and less successful in deep shade. Thus the upgrowth of 
trees would eventually introduce an adverse element in the per- 
manence of the mound as being hostile to the optimum tem- 
perature needed. 


Attempts to establish transplanted mounds both in city 
back-yard and in the old forest at Homewood, in 1906, 1916 and 
again in 1926 proved futile; some communities of this ant, 
Formica exsectoides planted at Homewood at various seasons of 
the year were decimated by birds, especially robins and flickers. 

Thus one influence of forestation upon this ant will be 
through the bird fauna of the forest; for where the robin is 
favored by the vegetation there can not be good stands of these 
ant dwellings and when the trees have grown so large as to 
furnish not only food but nesting sites for flickers, this ant cannot 
be expected to flourish; hence again the older forest will be 
inimical to Formica exsectordes. 

Some of the facts as to association of trees and ant mounds 
are represented more in detail in the second diagram-map which 
embraces only the middle western part of ae whole area in- 
dicated in the first diagram-map. 

The area mapped in the second diagram is about four acres 
of sterile sandy-iron soil from former iron ore pits, spread out in 
a flat with steep bank running down to the York Road on the 
west and roughly outlined to the east by abandoned wood 
roads. 

In 1905 this was largely a bare barren expanse with little 
vegetation, few trees and about fifteen ant mounds; but by 1920 
trees had come in over its eastern half and ant mounds had 
scattered all over it as roughly suggested in the first diagram. 
Both trees and mounds extended into the area from the east. 

The first map shows that in 1905 these four acres had many 
deserted mounds in the easterly part and some occupied mounds 
in the middle part, but that in 1920 the population was chiefly 
in the western part and made up of active mounds while many 
mounds in the middle region had disappeared. 

Along with this advance to the west and dying off to the 
east there was a fifteen year growth of trees which is indicated 
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in the second diagram, the trees to the east becoming older and 
new trees gradually growing up in the empty west. 


That this same procession of forest and mounds is going on 
still is indicated in the second diagram which is bssed upon a 
detailed survey made in April 1920 by students, Hoffmeister, 


Swartz and Kellum combined with a re-survey in June 1926. 


The mounds present in 1920 are indicated by dots, except two 
which were then deserted and are indicated by crosses. The 
mounds grown up in the past four years are indicated by tri- 
angles except those now deserted which are represented by 
squares. 


The last survey being made after a severe woods fire in the 
winter had destroyed underbrush and many trees; mounds were 
more conspicuous than formerly. 


In the diagram the regions of little shade are left clear while 
the extensions of the wooded area are outlined. It is noteworthy 
that the woods to the east have spread largely over the area 
leaving but a strip of clear ground separated from the York 
Road by narrow band of trees. 


The trees are chiefly young seedling oaks, black gum, maple, 
tulip, dog-wood ete. of small size; with much black locust run- 
ning rapidly from roots in the loose surface soil. The dense under- 
growth of Japanese honeysuckle, catbriar, blackberry and 
“weeds” extends out into the sunny areas. 

Of the 118 mounds found in June 1926, 42 are in the main 
open sunny region to the west, 11 in its chief extension toward 
the east, about 28 in various small clear areas amidst the woods, 
21 along the grass grown roads to the east; leaving only 15 
mounds in the denser shade of the woods as contrasted with the 
above 103 in the sun. 


The old mounds of 1922 are largely in middle and eastern 
not in the western part; about 37 central and east to 14 west. 

On the other hand the new mounds of the past four years are 
some 30 in the west, 22 in the mid region, and fifteen to the east 
and of these 11 are along the grassy roads. Thus in four years 
the advance of mounds has been into the sunny west, and along 
the grass roads which were not previously occupied 
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The considerable number of mounds in open spaces in the 
woods is noteworthy: though not all open spaces contain mounds 
most of them do and in the woods very few mounds are found 
that are not surrounded by clear spaces of some extent. 

In the reg’ on immediately to the north of this second map, 
dense thickets of new growth are interrupted by a few rounded 
clear spaces each with a large ant mound within it, surrounded 
by catbriars but not overshadowed by the trees that seem to have 
grown densely up to a line about ten fee from the mound, and 
stopped as if the presence of the ant community had prevented 
other trees from growing up near to the mound. 

The distribution of the 118 mounds shown in the second 
map with reference to more or less shading, may be shown in the 
following tabulation: 


Entire number Occupied Deserted 
Those in shade 15 12% 4 il 
118 Those insun 103 88% 94 9 
Part found 

in 1922 Those in shade 3 5% 1 2 
51 in number Those in sun 48 95% : 43 5 

Those added in 
4 years Those in shade 12 18% 3 9 
67 in number Those in sun 55. 80% 51 4 


Thus whether we consider the entire number of mounds 
shown on the map or the part there in 1922 or those added in the 
past four years, the small percentage is in the shade, much the 
largest in the sun. 

Moreover almost all the mounds in the sun are occupied 
while the mounds in the shade are for the greater part deserted. 

While a deserted mound may be found in the sun this is not 
common and it is also rare that an active community is found in 
the shade. 

The larger number of deserted mounds recorded in 1926 is 
due to the wood fire having revealed old mounds long deserted 
and concealed under thick growth of honeysuckle so as to be in- 
visible. Many of these were doubtless deserted at the date of 
the first survey. 

Strangely enough the mounds that have become abandoned 
in the past four years are chiefly along the old wood road to the 
north, but no special reason for this is discovered and shading 


Z 1926] Sequential Distribution of Formica exsectoides Forel 149 


does not seem to account for these exceptional cases. House 
rubbish has been dumped in adjacent regions. 

The interrelation of tree and ant is thus a sequential one, 
the young tree supplying food, the older tree deterrent to breed- 
ing by shading the mound. On the other hand, the result for 
the trees of the ant’s activities is partly the furnishing of some 
protection by the removal of injurious insects but also conversely, 
defense of some enemies of the tree and in part, the destruction 
of some trees that may too soon shade the mound. Yet in the 
long run this association allows the trees to become mature, thus 
driving the ants to new regions of less shade; mounds dying off 
and new ones being made near by till some of them eventually 
become established in regions adjacent to trees but not over- 
shaded by trees. 

In the natural succession of forests it may be that the 
position occupied by Formica exsectoides is that of a dependent 
upon conditions in which the forest is temporarily interrupted or 
destroyed as by fire or wind or small areas of defective soil and 
that with eventual maturity of forest the ants must move grad- 
ually in the course of very many years from place to place. 

Human intervention while tending eventually to eliminate 
Formica exsectoides may in some cases supply favorable con- 
ditions, as in mining and deforestation operations and in aban- 
donment of old fields to new growths as well as in actual planta- 
tion of trees. 

There is a general parallelism between the periods of time 
- required for many trees to reach maturity, and the presumed 
length of existence of mounds of Formica exsectoides, thirty 
years and more. The ultimate extinction of the community 
living in any one mound may be brought about naturally by the 
failure of that community to perpetuate individuals, to replace 
those dying from accident and from old age; and this may be 
due partly to lack of ability of the ants to obtain food sufficiently 
from the crowns of old trees and partly from the lack of adequate 
temperature for successful rearing of many young when the op- 
timum temperature is reduced by the shading of the mound by 


old trees. — 
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SUMMARY. 


The ant Formica exsectoides constructs mounds in wooded 
regions. Observations made near Baltimore Md. show that the 
distribution of mounds occupied by a large community of colonies 
varied through the years 1905-1926, older mounds being replaced 
by newer ones in adjacent territory. 

Individual mounds may persist many years or may be aban- 
doned from unknown causes; but in general there seems a cor- 
relation between mounds and forest growth; new mounds arise 
in new forested regions and old mounds become vacant in older 
forests. 

_ The history of a colony is coordinate with tree life, and in 
. general will be briefer. It is inferred that the organic relation 
between tree and ant colony is sequential; the new ant family or 
colony obtaining food from younger trees (the growth of some of 
which they may prevent); the older colony having to contend 
against the greater shade and lesser food supply from the older 
trees, may be unable to continue existence except by migration 
into younger stages of forestation. 

The ‘‘tree-ant-association” is complicated by such birds 
as frequent certain stages of forest growth and do destroy such 
ants. 
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COLOR AND SEX IN THE INDIAN WALKING STICK, 
DIXIPPUS MOROSUS 


By A. J. MANGELSDORF, 


Harvard University, Bussey Institution. 


In cultures of the Indian walking-stick, Dixippus morosus, 
reared in the insectary at the Bussey Institution, it was observed 
that in each generation there was a wide range of coloration 
varying from a uniform green in some individuals to a brownish 
black in others. Since this insect usually reproduces partheno- 
genetically the question as to the behavior in inheritance of the 
several color types appeared to be one of considerable interest. 

‘Dobkiewicz (1912) had already shown that the color of 
these insects is influenced by their surroundings. He reared 
them in cages lined with colored paper, and found that those in 
green and yellow cages remained light green throughout their 
lives, while those in red and black cages had become quite black 
by the time they had reached sexual maturity. However, the 
occurrence in our cultures under what appeared to be a uniform 
environment of green and dark brown individuals, in addition to 
a number which were intermediate between the two extremes, 
suggested that there might be inherent individual differences in 
reactivity to a background of a given color. 

To obtain further information on this question two females, 
one a light green and the other a dark brown, were isolated and 
their eggs saved. The eggs are dropped at the rate of two or 
three a day, and egg-laying may extend over a period of three to 
five months. Over one hundred eggs were obtained from each 
female. They were placed in wide-mouthed bottles stoppered 
with a cotton plug, and were stored in a damp situation in the 
insectary. In about five months after the first eggs were laid, 
hatching began. 

Four cages were constructed,—two were lined with light 
yellowish-green cheesecloth and two with the same material of a 
very dark red color. After a number of eggs from both the green 
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and the brown parent had hatched, twenty-four young from 
each female were selected and divided into two lots of twelve 
each. One lot was then placed in a green cage, the other in a red 
cage. 

The insects at this stage were uniformly of a dull green color. 
They were fed each night with shoots of Tradescantia fluminensis, 
the remains of which were removed each morning to avoid obs- 
curing the background. 

No change could be observed after either the first or the 
second moult. After the third moult, however, those in the 
green cages had taken on a clearer, lighter shade of green, while 
those in the red cages had become perceptibly darker. After 
the fourth moult the difference was striking,—those in the green 
cages remained a clear green, while those in the red cages were 
dark brown. There was but little difference in the rate of change 
between the progenies of the two females. Those from the green 
‘parent showed, if anything, a more rapid change to brown than 
did those from the brown parent. - 

To determine whether the change to dark brown could be 
effected in the later stages of the life history, two individuals 
were transferred from each of the green cages and placed with 
their sisters in ared cage After passing through several moults, 
they became almost dark as those which had occupied the red 
cages from the beginning of the experiment 

At the same time two brown individuals were removed from 
each of the red cages and were placed with their sisters in the 
green cages to determine whether the color change to brown is 
reversible. In each case the middle pairs of legs of the transferred 
individuals were removed to distinguish them from the others. 
After several moults they had taken on a somewhat lighter 
shade, and when mature they were of an indefinite greyish color; 
but the dark pigment was never completely resorbed. The 
middle legs, however, which were regenerated under the in- 
fluence of the green background were of a peculiar bluish-green 
shade, their color presenting a striking contrast to that of the 
rest of the body. ? 

In each of these cases no differences could be observed in 
the reactivity of the two progenies. 
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After the insects had attained sexual maturity, two other 
green individuals were transferred to red cages and two dark 
brown individuals to green cages. No color change was observed. 
Apparently the color present after the last moult is permanent. 

The question as to the reasons for the original variations in 
color of individuals occupying the same environment as found 
in our cultures remains unanswered. The only explanation 
which suggests itself is the following: The insects feed during the 
early part of the night attaching themselves before dawn to a 
branch or any other suitable support, and remaining motionless 
in the same spot throughout the day. They show a marked 
tendency, in captivity at any rate, to return to the same support 
day after day. If the slight differences which exist in the il- 
lumination and background are sufficient to bring about the 
differences in color, this habit may be responsible for the ob- 
served variation. 

Fryer (19138), working with a bisexual walking-stick, Cl- 
tumnus cuniculus, from Ceylon, in which both yellow and green 
forms are found, interpreted the color differences as being in- 
herited. The color, according to his hypothesis, is due to action 
of a single factor pair, yellow being dominant over green His 
data, however, do not furnish the necessary proof for his hypo- 
thesis. The males are uniformly of the same color, and he was 
thus able to assign to the male used in a given mating the par- 
ticular genetic constitution necessary to explain the proportions 
obtained in the progeny; but apparently the tests necessary to 
determine the correctness of his assumptions were not made. 

The fact, as shown by Pantel and de Sinety (1918), that 
coloration in several other species of walking-sticks in addition 
to Dixippus, is dependent upon the environment, suggests the 
desirability of reexamining the behavior in Clitumnus from this 
viewpoint. 

Among a total of several thousand individuals reared in our 
cultures, two males and one gymandromorph appeared. The 
sporadic occurence of males and gymandromorphs has also been 
reported by others. Nachtsheim (1922) has suggested that 
non-disjunction is responsible for their appearance. In the Or- 
thoptera generally, the female is characterized by the presence of 
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two X-chromosomes, the male by one. The loss of one X-chro- 
mosome by non-disjunction or in any other manner would 
presumably recult in maleness. If the loss occurred before the 
first somatic division, the entire individual would be male,—if it 
occurred later a gynandromorph would presumably result. In 
the gynandromorph mentioned, the left side throughout the 
entire length was typically typically female, the right side was 
male, suggesting that the loss of an X-chromosome had occurred 
at the first somatic division. 

One of the males was placed in a cage with several females 
which had just attained sexual maturity. Only females appeared 
in their progenies. Copulation was not observed, but the insects 
were seldom examined at night. Nachsheim mated one of the 
males which appeared in his cultures with females and observed 
repeated copulation but with no effeet upon the sex of the pro- 
geny,—as in the progenies resulting from unmated individuals, 
all were females. Since, according to Péhani (1924) normal sper- 
matozoa were produced by one of the sporadic males studied by 
him, it appears that the eggs have lost their capacity for fer- 
tilization. 

In forms whose eggs have the ability to develop partheno- 
genetically and where parthenogenetic reproduction results 
exclusively in females, a trend in the sex ratio is automatically 
set up, which must end in the ultimate elimination of males 
unless this effect is offset by some factor or factors such as 
greater viability of males or of male-producing spermatozoa, 
which tend to distort the sex ratio in the opposite direction. In 
the Orthoptera, forms having the capacity for parthenogenetic 
reproduction are known in which males are never found, others 
in which males are rare, and still others in which the sex ratio is 
near equality. It must be concluded that forms in the last 
category have developed the capacity for parthenogenesis only 
recently or, as already suggested, that the trend toward an excess 
of females, which would otherwise be an inevitable concommitant 
of thelyotokous parthenogenesis, is being offset by other factors 
tending toward an excess of males. 
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NOTES ON THE BEHAVIOR OF DINEUTES 
AMERICANUS 


By Howarp B. Situ, 
Los Angeles, California. 


A study of Dineutes americanus carried on in the vicinity of 
Boston, Mass. during the past two years has led to some in- 
teresting results which are briefly presented in the present note. 
Recent papers (’23, Wilson, C. B.; ’25, Hatch, M.H.) have dealt 
with the life history and ecology of this beetle and the following 


observations serve to clear up certain points not included in the | 


accounts of these authors. Among the several families of water- 
beetles, the Gyrinide show more peculiar adaptations in structure 
and, consequently, in behavior and mode of life. 


Movement:—These beetles swim by-means of the meso- and 
metathoracic legs, which are so modified as to be almost useless 
for land locomotion. While on the water D. americanus exhibits 
perfect mobility and ease in swimming, on land it turns to an 
awkward crawl, pulling itself along by the long forelegs, tilting 
from side to side as the heavy unsupported body is dragged 
across the uneven ground. Usually, however, when off the water 
surface, the body is supported only by the front legs. 


When about to swim the beetle extends the middle and hind 
legs laterally, like a pair of oars They are then brought smartly 
down to the caudal axis, which is their usual position at rest. 
The forelegs are fitted into the grooves in the sternal plate adapted 
to receive them or they may be extended on the surface film. 
Sometimes they are used for cleaning the body or to assist in the 
process of feeding. Because of the grooves in the sterna the legs 
can be withdrawn and the body then presents a perfect ‘‘stream- 
line” form. When alarmed the insect dives rapidly, carrying a 
small silvery bubble at the abdominal tip. 

Several experiments were undertaken to test the ability of 
Dineutes to swim in media other than water. A beetle was 
placed on the surface of 50% alcohol. It could not remain on 
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the surface, but swam about on the bottom of the dish showing 


- great energy and no loss of faculties during the minute it was in 


the liquid. On being removed to the sfirface of water it at once 
overturned and swam about belly-upward. When righted it 
swam deeply, keeping the head under water. It was then placed 


- on a raft from which it dragged off with some difficulty and re- 


mained quietly on the water. The legs were not apparently 


_ capable of successful.movement and at the end of five minutes 
_ the body was relaxed and the beetle died without any indication 


of activity. The experiment was repeated with weaker solutions 
as shown in the table. With the denser liquids, the ability to 
keep afloat was perceptibly greater but in no case was it entirely 
satisfactory due to the decrease in surface tension. 


% Alcohol Lpagthiof Tike 7a oune pupae 
during one minute 
50 5 minutes total 
25 ? edi tty total 
10 BO. a | 97 
5 Gry St 92 
4 undetermined 89 


The lighter specific gravity of the medium in combination 
with the fact that the alcohol serves to wet parts of the body 
that are normally dry causes the difficulty in keeping afloat. As 
these insects are easily drowned, death was probably from that 
cause rather than from alcoholic poisoning. 

A salt solution of the density of seawater (1.026) was also 
used. There was no apparent t ouble in swimming but the 
diving speed was very much slowed down. The beetle did not 
object to the solution but finally crawled up the dish and es- 
caped to the table. 

During the fall of 1924 and the spring of 1925 a close watch 
was kept on several ponds in the vicinity for indications of the 
winter habits of this insect. One pond was especially scrutinized 
because of its greater population during the summer months. 
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The peak of the population had been reached during the 
third week in August when the pond was literally covered with 
D. americanus, together with a few specimens of another species, — 
D. hornii. They remained on the deeper parts of the pond in 
schools well away from the bank, where they were moderately 
active and not easily alarmed. As the season advanced they split 
into more or less compact groups which spent more and more of 
their time near the shore. On October 4, there were two groups 
remaining. One, including a few individuals, drifted about the 
outlet; the other, a larger group, gathered on a shallow spot 
about a stump on the western edge. At this time there were a 
few specimens of Gyrinus scattered about also but on October 
eighteenth no beetles were visible. A week later two individuals 
were found widely separated. On November first, no insect life 
was visible about the pond except a few black flies. After the ice 
had formed beetles were found in the mud but none were resus- 
citated. 


The first appearance of D. americanus in the spring of 1925 
was during the latter part,of April, several weeks after the first 
signs of insect activity. As may be seen from the accompanying 
table, it is evident that Dineutes leaves hibernation somewhat 
later than the Hemipterous back-swimmer of the genus Notonecta. 


Date Air Water Mud Prec. Weather Time 

March 28 11°C 1244°C 11°C 0.18 Showers 2p. m: 

April 3 WEA OM KEG, 9°C 0 thin clouds 1 p.m. 
One water strider and six back-swimmers observed. 

April 11 LLC) 2 10 C 0. Bright 2:30/pim: 
Back swimmers abundant 

April 23 LO 16°C 12°C Q: Brightcs 12a 


D. americanus first observed. 


It will be readily seen from these data that the temperature 
of both mud and water determin» the date of appearance. A 
few days late~, April 25, Dineutes was active on several other 
ponds nearby in considerable numbers. 
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At the time of their appearance the beetles were extremely 
_ active and copulation took place quite frequently. Previous to 
mating the beetles swim along apparently without interest. The 
male then makes a dash for the female and, if successful, rides on 
_ her back holding on with his fore tarsi which are placed at the 
juncture of the elytra and thorax. They swim thus for several 
minutes, or more exactly the period varied as observed from one 
to twelve minutes. 

The population reached a peak in the first week in June up 
to which time the beetles had spent their time near shore. During 


Jan. Feb. Mar Apr. May.Jun.Jui. Aug. Sep Ock Nov. Dee. 


Fig. 1. Seasonal abundance of Dineutes americanus 
at Boston, Mass, 


the month the population decreased rapidly until at times it was 
rather hard to find specimens. The curve resumed an upward 
trend about the first of August and within ten days, thousands 
were present. No copulation among these was noticed and the 
insects preferred to lie quietly in the sunshine, or swim slowly 
about on the deeper water. They are not easily alarmed and not 
so readily disturbed by noise or movement as in the spring. The 
following figure, based on careful estimates represents the fluc- 
tuations of populations as observed for five years. 
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From this curve and data I conclude that there is but one 
brood a year. The adult beetles emerge during the first few days 


in August, remain quiet and inactive until forced by closing © 


waters to go into the mud for the winter. The survivors, few in 
number, emerge in April and, after breeding, soon begin to die 
~ out and disappear. 

From observations made in a large concrete tank it is evident 
that there is a high mortality during the winter. The above 
statement is further shown to be probable by the death just 
after copulating on May 9, 1925, of the two surviving members of 
a colony which had been kept in a tank in a greenhouse during 
the winter. 

When first brought from the pond the beetles are greatly 
disturbed and try to get out of the dish by swimming and later 
attempt to climb the sides of the dish. At times they rustle their 
wing covers thus producing a buzz. They become accustomed to 
captivity after a while and finally are not alarmed even by quick 
movements of the hands in their close vicinity. At this stage 
they can be induced to feed from the fingers. I found few things 
they would not attempt to eat as anything that floated was 
eagerly seized and examined. Live mealy bugs, cracker crumbs, 
bits of salmon and sardines, bread crumbs, apple parings, meat 
and chocolate were all sampled besides many other materials. 
The only requirement seemed that of ability to float. The pre- 
pared fish food known as “Ant Eggs’? composed mainly of ant 
pup made a good food and a ground meat scrap containing no 
bone, put up by the Quaker Oats Company for poultry feed, was 
also successful. As long as this food remained on the surface the 
insects would rush about grabbing piece after piece. Sometimes 
two would snatch the same piece or one would attempt to take a 
portion from another. At such times they would dive and tear 
about under water until one lost its hold. 

The front legs are always used to hold and turn the food 
about. Sometimes the beetles would attach themseleves to my 
hand as I dipped it into the water. On such occasions the first 
was sure to be followed by others all pushing and striving to get 
at the particular place its neighbor occupied. They never were 
able to pierce the skin, although their attemps produced a tem- 
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porary irritating sensation. Some individuals eat more than 
— others. 

A darkened battery jar was used’in studying the reaction 
of these insects to light. If some practicable scheme can be 
_ devised for covering the beetles eyes, better results will be ob- 

tained. I found that adhesives interfere with the insect for it 
usually spent its time trying to rub off the coverings, often with 
success. 

In the darkened tank the beetles remained quiet but when 
light was admitted at the surface through a small hole in the 
varnish activity ensued. The beetles swam about and tried to 
get out but showed neither positive nor negative phototropism so 
far as could be observed. Light was then admitted in a beam six 
inches below the surface. The beetles left the surface and dived 
to the point at which the light was admitted. This latter be- 

_ havior was also noticed when the light was admitted only through 
the lower opening. From this it is reasonable to believe that a 
stimulation of the lower eyes results in a positive phototropic 
response, while the upper pair do not show either form of photo- 
tropic response with sufficient regularity to be determined. 

A statement concerning the water line of the beetle seems 
desirable. Hatch (’25) speaks .in detail of the “stream-lines”’ of 
the body and of its position on the water. He failed to notice 
that the shadow cast on the floor of the tank by the beetle is not 
a continuous ellipse in conformity with the shape of the body but 
that, owing to the breaking of the surface film by the swimming 
legs, the shadow really consists of two circles which indicates 
that the body of the beetle is wet only at the point where the 
swimming legs enter the water. 
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ON THE MEGACHILE OF SOUTH DAKOTA! 


By TuHeopore B. MitcHELL. 


The following records are based on a collection of bees of the 
genus Megachile from South Dakota which were received from 
Professor H. C. Severin. 

Megachile latimanus Say. 


149%, 199 9: Elmira, Big Stone, Brookings (July- 
Oct.),Milbank, Elk Point, Wentworth, Mobridge, Buffalo, L. Oak- 
woodand and Ft. Pierre. 


Megachile dentitarsis Sladen. 

6 2 2: Hot Springs, Rapid City, Newell and Interior (Aug.) 
Megachile perihirta Ckll. 

1,19: Custer (no date) and Brookings (Aug. 27). 
Megachile inermis Prov. 

1o’, 19: Brookings (no date) and Harney Peak (July 22). 
Megachile fidelis Cress. 

1%: Rapid Canyon (Aug. 4). 

Megachile mendica Cress. 

30°%°,19: Brookings (June) and Custer(July). 
Megachile generosa Cress. 

1 &: Gettysburg (Aug. 12). 

Megachile brevis Say. 

1l oo, 10 9 2: Springfield, Hot Springs, Buffalo, Spear- 
fish, Newell, Phillip, Ft. Pierre, Gettysburg, Capa, Elk Point, 
Brookings, Interior and Custer (June-Sept.). 

Megachile pugnata Say. 

6 9 9: Custer (no date) and Rapid Canyon (Aug. 4). The 
single specimen from Rapid Canyon has a small amount of pale 
appressed pubescence on segment 6, approaching the condition 

*Contribution from the Department of Zoology and Entomology, North 
Carolina State College, in cooperation with the Entomological Laboratory of 
the Bussey Institution, Harvard University, (Bussey Institution No. 272). 


Published with the approval of the Director of the North Carolina Experi- 
ment Station as paper number 13 of the Journal Series. 
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in M. pugnata pomone Ckll., but the pubescence is white, not 


ochraceous. 


Megachile mucida Cress. 

_ 2 29: Spearfish (no date) and Harney Peak (July 22). 
~ Megachile montivaga Cress. 
1 9: Custer (no date). 


_ Megachile integra Cress. 


1 o: Elk Point (Aug. 10, 1924, H. C. Severin). 
Megachile vidua Sm. 

8 0,2 2 @: Hot Springs, Custer, Whitewood, Lead and 
Harney Peak (July). 
Megachile pruina Sm. 

3 o',4 9 9: Interior, Ft. Pierre, Martin, and Nowlin Co. 
(Aug. and Sept.) 
Megachile melanophea Sm. 

7 oo: Harney Peak, Lead and Custer (July). 
Megachile relativa Cress. 

2 oo’, 4 99: Harney Peak (July), Custer and Hot 
Springs. 
Megachile infragilis Cress. 

5 @ 2: Brookings (June and Aug.) and Newell (June). 
This is very close to the preceeding species, the two being sep- 
arable as follows: 


Segment 6 of 2 with appressed golden pubescence and 
erect light hair, sometimes with a few dark basal hairs, 
margin of clypeus indistinctly emarginate medially; 
clypeal margin in & with a distinct and quite strong 
median tubercle. ...... se pelaiia 

Segment 6 of 2 ae yenetanes all dark hae with 
numerous erect black hairs, clypeal margin not at all 
emarginate but slightly and broadly produced medially; 
clypeal margin in & somewhat angulate medially, but 
mottuberculate: ssc. kee tank >. os. fragilis 


Chelostomoides ruflmanus Rob. 
1 &: Spearfish (July 28, 1924). 
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Megachile dakotensis n. sp. 

o&. Face up to level of anterior ocellus densely clothed with 
whitish pubescence, directed downward on the clypeus, upward 
on the supraclypeal plate, and outward on the inner orbits, 
thinner but entirely pale on the vertex and upper cheeks, longer 
and pure white on the cheeks below; clypeus closely and dis- 
tinctly punctate apex entire; mandibles reddish apically, 3- 
dentate, middle tooth the smallest, the inferior tooth submedian, 
slightly nearer the base, punctures sparse apically, fine and close 
basally; cheeks shining, rather closely punctate, inferior angle 
simple (not. grooved or toothed); vertex rather closely and 
deeply punctate, but shining between the punctures; lateral 

-—ocelli nearer to adjacent eyes than to edge of the vertex; antenne 
black, obscurely reddish below. 


Thorax with pubéscence entirely pale, pure white below, 
rather loose and thin above; mesonotum closely punctate, tes- 
sellated between the punctures which are crowded anteriorly 
and laterally; scutellum more shining, with punctures somewhat 
finer; pleura with punctures contiguous; propodeum shining, 
very finely punctate, the punctures indistinct posteriorly, basal 
triangle impunctate, very finely tessellated; tegule ferruginous, 
shining, with minute punctures; wings subhyaline, dusky api- 
cally, nervures piceous, second submarginal cell receiving the 
recurrent nervures at about equal distances from base and apex, 
transverse median slightly before basal nervure. 

Front coxe bare in front, black, shining, sparsely punctate, 
with short, flattened, triangularly pointed spines which are 
strongly divergent with respect to each other, no patch of red 
bristles, spines and coxe with long white pubescence posteriorly; 
front femora and tibie black, inclined to reddish, white pubescent, 
the femora keeled beneath, red on the face anterior to this keel, 
finely punctate on the opposite face, smooth and shining above; 
outer face of tibize rather coarsely punctate, black except apex, 
the two inner faces shining and reddish, apex of tibize yellowish; 
spur similarly colored; tarsi simple, not to any degree hollowed 
out, but yellowish and with a prominent hair fringe behind, first 
joint slightly shorter than joints 2-4; four posterior legs black, 
but all the tibie ferruginous apically, and the tarsi piceous, middle 
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tarsi with a conspicuous white hair-fringe; hair on inner side of 
_ tarsi pale yellow; spurs pale yellow; claws ferruginous basally, 
piceous apically, deeply cleft. 


Abdomen, except for a few short inconspicuous dark hairs 


Z on segments 3 and 4, white pubescent, shining, the punctures 


quite close but distinct; upper face of first segment very closely 
punctate, the concavity smooth and shining; apical margin of 
segments 2-5 very strongly depressed, especially on segments 4 
and 5 where the apical portion of the disc overhangs somewhat 
the depressed margin, the segments rather strongly depressed 
basally also, giving the discs a rolled appearance; the depressed 
apical margins are white faciate on segments 2-5, white tufts of 


hair being present on the sides of segment 1; segment 5 is white 


pubescent on basal half of disc; segment 6 also with white pubes- 
cence basally, rugoso-punctate above the carina, the punctures lar- 
gerand more nearly separate below; carina entire, rounded, with 
irregular crenulations, morphological apex of segment cons- 
picuously carinate on either side and with a small spine at each 
extreme side; seventh segment quite evident, with a triangular 
pointed spine; ventral segments 2 and 3 depressed apically 
similarly as the dorsal segments, all the ventral segments shining, 
distinctly punctate, and with apical fringes of rather long white 
hairs. Length 10 mm. 

2. Head broad, eyes not appreciably converging below; 
supraclypeal plate closely punctate, punctures crowded laterally ; 
clypeus closely punctate, surface finely tessellated between the 
punctures, apical margin smooth and shining, entire, slightly 


- produced laterally; mandibles broad, 4-dentate, a bevelled cut- 


ting edge between the two inner teeth, shining, the punctures 
sparse ‘above, especially apically, faintly reddish near the apex, 
fringed with yellowish hairs below; cheeks shining, but rather 
closely punctured, quite broad; vertex with punctures close 
medially except for an indistinct impunctate median line, the 


- punctures more widely separated laterally, deep; ocelli nearer to 

nearest eye than to edge of vertex; antenne black, piceous below; 
_ pubescence thin, white except for a few short inconspicuous dark 
hairs on the vertex laterally. 


Thorax with pubescence white except for dark hairs on disc 
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of mesonotum, with conspicuous white tufts of pubescence 
around tubercles and behind wings; mesonotum with scattered 
punctures medially, closely punctured anteriorly and laterally, 
tessellate between the punctures; scutellum more finely and 


closely punctate; pleura closely punctate, shining, with long thin ~ 
white hair; propodeum tessellate, with scattered fine punctures, | 


closer laterally, basal triangle tessellate but impunctate; tegule 
dark ferruginous, minutely punctate, with a small tuft of white, 
hair anteriorly; wings hyaline basally, dusky apically, the second 
recurrent nervure entering the second submarginal cell somewhat 
nearer the apex than the first does to the base; basal nervure 
beyond transverse median; nervures piceous to ferruginous; legs 
black, white pubescent, femora shining, sparsely punctate, outer 
faces of tibie strongly punctate, all the tibiz ferruginous at apex; 
tarsi black, the middle and hind tarsi as broad as their tibie, the 
middle ones densely pubescent, all the tarsi yellowish pubescent. 
beneath; spurs yellowish-ferruginous; claws ferruginous basally,. 
darker apically, without a distinct basal tooth. 


Abdomen rather broad, ovoid, segments 3-5 strongly de- 
pressed on the apical margin, but not so strongly as in the male, 
with very deep transverse basal grooves, the anterior borders of 
which are sharply carinate, these carinate margins overlapping 
the grooves; discs of segments shining, punctures strong but 
well separated, finer and closer on basal segments, the portions 
of the discs basad of the grooves finely tessellated and very 
finely punctured; segment 6 obtusely triangular viewed from 
above, straight in profile, with a median longitudinal, ridge, 
rather coarsely rugoso-punctate with appressed white pubescence, 
tinged with brown apically, and a few black hairs at the sides 
basally; the other dorsal segments are apparently white fasciate- 
(specimen somewhat rubbed), the fascie entire on apical seg- 
ments, very fine on basal segment, but tufted at sides; all the 
segments except the first with rather course black hairs on the 
dises laterally, which disappear dorsally; scopa white, black on 
segment 6, and with a few black hairs apically on sides of segment 
5. Length 13 mm. 

Type: Male; Hot Springs, 8. D., July 10, 1924. Allotype; 
Ft. Pierre, S. D., Aug. 11, 1924 (Coll. S. D. State College). 


Saal cee rising: Tex. (Coll. vee. Gehl oe 
e. oe to the group of M. deflexa, indianorum one 
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A SPECIES OF UROCERUS FROM BALTIC AMBER. 
By CHARLES T. BRUES. 
Bussey Institution, Harvard University. 


In a large collection of parasitic Hymenoptera of oligocene 
age imbedded in Baltic Amber recently received from the Geolo- 


~ 


al 


gical Institute of the University of Kénigsberg there is a single ' 
fine specimen of wood-wasp referable to the genus Urocerus. As | 


very few fossil Siricidee have been described and as the family is 
of particular interest on account of its early known occurrence in 
the upper Jurassic, this species is described below. 


Urocerus klebsi sp. nov. (Fig. 1.) 


3. Length 16 mm. A rather well preserved specimen — 


showing the entire fore wing, antenne, legs and underside of 
body. Antenz consisting of 21 segments, reaching to the tip 


of the second sternite; flagellar joints of quite even length, — 


Fig. 1. Urocerus klebsi sp. nov., anterior wing. 


gradually more slender to the apex of the antenna; second fla- 
gellar joint equal to the first, nearly four times as long as 


thick. Posterior tibiz apparently not so distinctly flattened — 


as in the male of Urocerus cressont Norton, although they cannot 
be viewed exactly in the lateral aspect; with two short subequal 
apical spurs and with two series of small bristles below, one along 
each edge. Anterior wing (Fig. 1) typical for the genus; first 


‘transverse cubitus with its lower end bent sharply downward and 


entering the first discoidal cell at the basal fourth; second section 


of radius fully two-thirds as long as the third and twice as long © 
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as the first; submedian cell very little longer than the median; 
_externomedian vein bent downward near apex, but entirely with- 
out any stump of a vein; second recurrent nervure entering the 
_ third cubital cell before its basal third; transverse lanceolate 
_ vein obscured at its base, but apparently arising just before the 
- lower end of the transverse median vein. The apex of the ab- 
-domen has been removed in polishing the amber and cannot 
_ be described. 
3 Type in the collection of the Geologisches Institut of the 
' University of Kénigsberg 
2 This species differs from the European U. gigas and the 
North American U. albicornis, californicus and cressoni by the 
insertion of the first transverse cubitus on the upper side of the 
discoidal cell instead of on the basal vein. The one other North 
American species, U. taxodii Ashm. is not in my collection, but 
_ Bradley has published a good figure (Pomona Journ. Entom., 
vol. 5, p. 31) which shows the amber species to resemble taxodit 
in this respect. The second section of the radius is proportion- 
ately much longer than in any of the above-mentioned living 
species except U. cressoni where it is as long as the third. 
I have named this species in honor of Professor Klebs who 
' first reported the occurrence of Siricide in amber. Klebs (Tagbl. 
Naturforschervers., vol. 62, p.269) in 1889 referred Baltic amber 
specimens to Sirex, a closely similar genus. Quite probab'y the 
present species may be the same form. 
Sirex has been reported from the miocene beds of Radoboj. 
_ This was described by Heer as “‘Urocerites’’, but later referred to 
Paururus by Konow (Wiener Entom. Zeit., vol. 17, p. 87, 1898). 
The name Paururus is now replaced by Sirex. To judge from 
Heer’s figure the posterior tibie and their metatarsi are flattened 
much as in the peculiar Cuban genus Teredon and I cannot be 
satisfied that Konow’s reference is correct although of course the 
males of other genera show a tendency in this direction and 
_Heer’s specimen is probably a male; unfortunately the antenne 
of ‘‘Urocerites”’ were not preserved, so that there is no indication 
whether they were of the peculiar type of those of Teredon. 
Heer has restored them in one figure, but entirely on the basis 
of those of Sirex and Urocerus. 
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MELEMHA MAGDALENA HULST. 


Hulst described this beautiful geometer in 1896, regarding it 
as the type of a new genus, and remarking on the quite unique 
pattern of the wings. The type was a female collected by Bruce, 
with no locality stated nearer than “Colorado.” This specimen 
has been figured by Barnes and McDunnough, Contr. N. A. 
Lep., vol. 1. (1912) pl. XVI. M. morsicaria Hulst, referred by 
Hulst to the same genus, is now removed to Szcya, but a second 
Melemea (M. virgata Taylor) was described from Arizona 
(Huachuca Mts.) in 1906. 

On Sept. 11, 1926, I took a specimen of M. magdalena at 
light at Grand Lake, Colorado, alt. 8,153 ft. The species must 
certainly be rare, as I had never seen it during the many years I 
have resided in Colorado. In the shape and pattern of the an- 
terior wings there is a certain suggestion of theEuropeanChesias 
legatella Schiff., but I presume there is no close affinity. 


T. D. A. CocKERELL. 
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PROFESSOR CARLO EMERY 


The eminent zodlogist Professor Carlo Emery, best known 

to entomologists for his extensive and valuable contributions on 
ants has died at the age of seventy-eight years. During his early 
career he pursued a course in general medicine, but in 1872 
' decided to specialize in ophthalmology. However, in 1878 he 
was appointed Professor of Zoélogy in the University of Cagliari 
where he remained for several years until 1881 when he went to 
the University of Bologna as Professor of Zodlogy a position 
~ which he filled for thirty-five years until his death. 
Among his earlier works, prior to 1869, are a text-book of 
' general zodlogy and papers on fishes and molluscs, but the long 
period of fifty-six years (1869-1925) was devoted almost entirely 
to a study of ants, upon which he published very extensively. 
These many contributions have won him lasting fame in the 
annals of entomology. 


172 Psyche [December 


BENJAMIN PICKMAN MANN 


Benjamin Pickman Mann, one of the founders of the Cam-. 
bridge Entomological Club and its first secretary and editor of 
its journal ‘‘Psyche’’, died March 22, 1926. He was born April 
30, 1848, the son of Horace Mann, well known as a teacher and 
advocate of public schools. He graduated from Harvard College 
in 1870 and for several years lived in Cambridge, where meetings 
of the Entomological Club were held at his residence in 1874. 
In 1881 he entered the Entomological Bureau of the U. 8. De- 
partment of Agriculture at Washington and in 1887 became an 
examiner in the U.S. Patent Office. He was specially interested 
in entomological literature and bibliography, and while editor 
of Psyche, a record of entomological publications occupied a 
large part of the journal. While in Washington he took part in 
many organizations for social and public work. He was one of 
the Childrens’ Guardians of the City, trustee of a church, member 
of the Single Tax Association and of the Esperanto Associo. 
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All new genera, new species and new names are printed in Small Capital Letters 


Acamatus peninsularis, 98 
Acamatus sumichrasti, 99 
Acanthocheila sigillata, 86 

Actina nitens, 89 

Actina viridis, 88, 90 

Actedium in North America, 32 « 
Actedium kusteri, 34 

ACTEDIUM LACHNOPHOROIDES, 34 
Actedium pallidipenne, 34 
ADELOPSYCcHBE, 16 

ADELOPSYCHE FRUSTRANS, 16 
Aeschna, death-feigning, 8 
Alcidamea, habits of, 117 
ALFARIA BUFONIS, 101 

Allactina, 89 

Australasian cicadas, 61 
Amegilla, habits of, 118; 
Ammnestus spinifrons, 111 
Amebaleria helvola, var. angustifrons,43 
Anax Junius, death-feigning, 8 
Andrena, habits of, 118 

Aneurus inconstans, 111 

Anosia plexippus, odor of, 4 

Ant mounds, distribution of, 127 
Anthemessa, habits of, 118 
Anthophora, habits of, 118 

Ants, new neotropical, 97 

Ants, sequential distribution of, 127 
Aradus fallenc, 110 

Aradus quadrilineatus, 110 
Aradus robustus, 110, 111 
Aradus similis, 110 

Argiope lobata, 29 

Argynnis aphrodite, odor of, 2 
Argynnis cybele, odor of, 2 
Argyrodes argyrodes, 29 
Argyrodes nephille, 31 
Argyroselenius eulophi, 116 
Argyroselenius minimus, 116 


Basilarchia archippus, odor of, 4 
Beris annulifera, 108 


BERIS ANNULIFERA var. 
109 

BERIS ANNULIFERA, var. LUTEIPES, 109 

Beris quadridentata, 88 

Beris viridis, 88 

Bees inquiline and nest-making, 116 

Bembidion levigatum, 33 

Bembidion scopulinum, 33 

Bembidion ustulatum, 33 

Blissus leucopterus, 111 

Bombomelecta, habits of, 118 

Bombus, 41 

Bombus, habits of, 117 

Book Review: Herrick’s Injurious In- 
sects, 27 

Brenthis montinus, odor of, 2 

Brenthis myrina, odor of, 3 

Butterflies, odor of, 1 


BRUNNIPES, 


Calliopsis, habits of, 118 
CALOBATA KENNICOTTI, 43 
Capsus ater semiflavus, 111 
Capsus ater tyrannus, 111 
Centrias, habits of, 118 
Cephen, habits of, 118 
Ceramidia viridis, 53 
Chesias legatella, 172 
Chloralictus, habits of, 117 
Cicada, see Melampsalta 
Cicadas, songs of, 61 
Clisoden, habits of, 118 
Clhitumnus cuniculus, 153 
Colletes, phenology of, 116 
Cossodes, 16 

Corythuca gossypw, 111 
Corythuca juglandis, 111 
Corythuca spinosa, 87 
Curtisapis, 41 
Cryphula-parallelogramma, 111 
Ctenoneurus hochstetteri, 114 
Cuban Tingitide, 86 
Cymus angustatus, 110 
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Cyrtophora citricola, 29 Formica easectoides, sequential distri- 

Cyrtophora opuntie, 29 bution of, 127 2 
Fossil insects, 92 

Death-feigning in dragon-flies, 8 Fossil moth from Florissant, 16 

Dialonia antennarie, 40 

DICRANOPTYCHA AUSTRALIS, 55 Galgupha atra, 111 
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Dineutes americanus, behavior of, 156 Grammostola acteon, 60 


Dineutes hornii, 158 Grylloblatta, affinities of, 79 

Diptera, New American, 42 Gurnetia, 16 

Dizippus morosus, inheritance of color 

and sex, 151 Halictide, habits and evolution, 117 
Dolichopodide, New North American, Hemiberis, 89 
45 Heminomada obliterata, 40 

Dragonfly larve, orientation of, 124 Hemiptera in ocean drift, 110 

Drymus crassus, 110 Heterosarus, habits of, 118 

Dudgeona, 16 Holcopasites, habits of, 118 
Holocnemus rivulatus, 29 

Ecrron GRACIELLAE, 97 Holonomada, habits of, 118, 119 

Ecrron (AcAMATUS) PENINSULARE, 98 HyDRoOPHORUS ALBOMACULATUS, 47 

Eciton (Acamatus) sumichrasti, 98 HYDROPHORUS ARGENTIFACIES, 51 

Emery, Carlo, 171 HyYDROPHORUS FLAVIPENNIS, 48 

Emphoropsis, habits of, 118 HYDROPHORUS LIVIDIPES, 50 

Epeira adianta, 29 HypROPHORUS MACULIPENNIS, 45 

Epeira cacti-opuntie, 29 HYDROPHORUS NIGRINERVIS, 46 

Epeolus, habits of, 119 HYMENOCHIMAERA, 19 

Epeolus, phenology of, 116 

EREBOMYRMA NEVERMANNI, 103 Inheritance of color and sex, 151 

Eremocoris ferus, 111, 112 TInquiline bees, 116 

Eugereon, 94 

Eulema, 41 Junonia cenia, odor of, 3 

Eurema euterpe, odor of, 4 

Eurymus philodice, odor of, 4 Lachnophorus, 32 

KUSTICTUS AINSLEI, 121 Lae rtias philenor, odor of, 5 

Eustrictus piLirgs, 122 Leptodictyia bambuse, 86 

EusticTus PUBESCENS, 123 LEPTOGENYS PENINSULARIS, 102 

Evusticrus spinipgEs, 122 _ LEPTOPHARSA MYERSI, 87 

Burrera aANcusta, 44 Leptopharsa unicarinata, 88 

KUTRETA HESPHRA, 44 LERIA HELVOLA Var ANGUSTIFRONS, 43 


. Lygus pratensis, 111 
Flight of Vanessa, 4 


Florissant, fossil moth from, 16 Macrocyttara, 16 
Formica exsecta, 140 Mallophora chrysomela, 91 
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_ Mallophora rex, 91 
Mann, B. Pickman, 172 
Meadorus lateralis, 111 
Mechanics of wing veins, 39 
Megachile brevis, 162 
M&GACHILE DAKOTENSIS, 164 
Megachile dentitarsis, 162 
Megachile fidelis, 162 
Megachile generosa, 162 
Megachile habits of, 116 
_ Megachile inermis, 162 

_ Megachile infragilis, 163 
Megachile integra, 163 
Megachile melanophea, 163 
Megachile mendica, 162 
Megachile montivaga, 163 
Megachile mucida, 163 
Megachile perhirta, 162 
Megachile pruina, 163 
Megachile pugnata, 162 
Megachile pugnata pomone, a163 
Megachile relativa, 163 
Megachile rufimanus, 163 
Megachile vidua, 163 
Mercormyrvs, 36 
M®GorRMYRUS AMABILIS, 37 
Melampsalta angusta, 74, 75 
Melampsalta bilinea, 74 
Melampsalta binotata, 75 
Melampsalta campbelli, 69 
_ Melampsalta cassiope, 64 
Melampsalta cruentata, 74 
Melampsalia cutora, 75 
MELAMPSALTA HAMILTONI, 74 
Melampsalta labyrinthica, 63 
Melampsalta latorea, 63 
Melampsalta mackinlayt, 63 
Melampsalta mangu. 67 
MELAMPSALTA MELANESIANA, 64 
Melampsalia muta, 74 
Melampsalta ochrina, 75 
MELAMPSALTA OROMELAENA, 65 
Melampsalta quadricincta, 63 
Melampsalta rosea, 74 
Melampsalta rufescens, 74 
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Melampsalta sericea, 62 
Melampsalta stradbrokensis, 63 
Melampsalta subalpina, 74 \ 
Melampsalta waterhousei, 63 
Melecta, habits of, 118 
Melemea magdalena, 171 
Melemea morsicaria, 171 
Melemea virgata, 171 
Melissodes, habits of, 119 
Melitoma, habits of, 119 
Mendelian inheritance in Volucella, 22 
Menecles insertus, 112 
Mesotitan, 94 

Microstelis, habits of, 117 
Migrant butterflies, 4 

Miocene moth, 16 

Miride, new species of, 121 
Monanthia monotropidia, 86 
Monobeus, 37 

Monobeus hegeli, 37 

Moth, fossil from Florissant, 16_ 
Muscina pascuorum, distribution of, 20 


Neoconocephalus triops, 53 
Neotrypetes, habits of, 117 
Nephilla plumipes, 31 
NOTONECTA BICIRCA, 12 
Notonecta bifasciata, 11, 15 
NOTONECTA DISTURBATA, 14 
Notonecta insulata, 11 
Notonecta lunata, 12 
Notonecta minuta, 14 
Notonecta nigra, 11 
Notonecta polystolisma, 12 
NoTONECTA POLYSTOLISMA, var. SPAT- 
ULATA, 15 
Notonecta rugosa, 11 
Notonecta sel ata, 12 
Notonecta, South American, 11 
Notonecta undulata, 11 
Notonecta variabilis, 11 
Notonecta virescens, 11 


Ocean drift, 110 
Odontomyta tumida, 42 
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Odors of butterflies, 1 
ODYNERUS BRADLEYI, 126 
Odynerus clypeatus, 126 
Oliogotropus, habits of, 117 
Oplacantha annulifera, 109 
Orientation in dragonfly larvee, 124 
Ormyrodes, 37 

Ormyrodes petrefactus, 37 
Ormyrus, 37 

Oxystoglossa confusa, 40 
Ozophora picturata, 111 


Panis :‘omima erlangeriana, 18 
Papilio glaucus, odor of, 4 
Papilio polyxenes, odor of, 2, 4 
Papjlio troilus, odor of, 5 
Paralictus, habits of, 117 
Parandrena andrenoides, 40 
Paururus, 169 

Perdita obscurata, 39 

Perditella boltonie, 41 
Peryphus concolor, 32 

Peryphus dilatatum, 32 . 
Peryphus honestum, 32 
Peryphus punctulatum, 32 
Phylogeny of insects, 92 
Podops cinctipes, 110, 111 
Podisus maculiventris, 110 
Podops parvula, 111 
Polymorphism in Volucella, 22 
Princidium, 32 

Princidium concolor, 32 
Princidium dilatatum, 32 
Princidium honestum, 3 
Princidium punctulatum, 32, 33 
Princidium ruficolle, 32 
Pseudopanurgus, habits of, 118 
Pseudopanurgus compositarum, 39 
Psithyrys, habits of, 117 
Pterandrena, habits of, 118 


Rhopalosoma abnorme, 118 
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Rhopalosoma poeyi, 18 
Rhopalosomatide, note on, 18 


Schistocerca vaga,53 

Sicya morsicaria, 172 

Snakes eaten by spiders, 60 

Social habits of spiders, 29 

Speyeria idalia, odor of, 2 

Spiders eating snakes, 60 | 
Spiders, social habits of, 29 

Stelidium, habits of, 117 

STRATIOMYIA OCCIDENTIS, 42 
STRUMIGENYS MIRABILIS, 104 


Teleonemia sacchari, 86 
Teredon, 169 

Tetralonia, habits of, 114 
TINGIMYRMEX, 104 
TINGIMYRMEX MIRABILIS, 104 
Tingitide from Cuba, 86 
Trabala vishnu, oviposition, 6 
Trachandrena claytonie, 40 
Trachandrena, habits of, 118 
Tribus, 37 

Triepeolus, habits of, 119 


Urocerites, 169 

Urocerus californicus, 169 
Urocerus cressoni, 169 

Urocerus from Baltic amber, 168 
Urocerus gigas, 169 

Urocrrus KLEBsI, 168 


Vanduzea arcuata, 138 

Vanessa, flight of, 4 

Vishnu moth, oviposition, 6 
Volucella bombylans, varieties of, 22 


Walking stick, inheritance in, 151 
Wing veins of bees, 39 


Xanthosarus, habits of, 116 
Xylocopa, 41 
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